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OVERVIEW AND DATA COLLECTION
[Na/Fe] is a flagship among chemical abundances as a good indicator of the existence of multiple populations in
globular clusters, with spreads of up to 0.6 dex and more; no globular cluster having a null spread (Gratton et al. 2004;
Bastian & Lardo 2018). As far as Galactic open clusters are considered, no multiple populations have been found yet
(see, Bragaglia et al. 2012; Carrera & Mart́ınez-Vázquez 2013). Enter NGC 188 (age = 6.3±0.2 Gyr, Bonatto 2019).
I made use of the publicly available Sloan Digital Sky Survey IV, in particular of APOGEE DR14 (Abolfathi et al.
2018) through the APOGEE Stellar Parameters and Abundances pipeline (ASPCAP, Garćıa Pérez et al. 2016), to
search for stellar parameters and element abundances of stars in the field of NGC 188. As a result, I gathered 758 stars
distributed within a radius of ∼ 1.6◦ from the cluster center and with 2MASS Ks mag down to ∼ 12.5 mag. In order
to disentangle bonafide cluster members from field stars I used the diagnostic plane [Fe/H] vs. RV (see Fig. 1), which
clearly highlights a group of stars tightly distributed around the known cluster with RV = 42.4±0.1 km/s (Chumak
et al. 2010) and metal content 0.12 < [Fe/H] (dex) < 0.20 (Bonatto 2019)). They are red giant stars with 4100 . Teff
(K) . 5000 and 1.5 . log(g) . 3.5, distributed within a circle with a radius of 25′, which is nearly half of the cluster
tidal radius (44.78′, Wang et al. 2015).
ANALYSIS AND DISCUSSION
In order to quantify the [Na/Fe] spread, I used the maximum likelihood approach proposed by Pryor & Meylan
(1993) (see also Walker et al. 2006) and obtained a mean value of <[Na/Fe]> = -0.04 ± 0.01 dex with an intrinsic
spread W = 0.16 ± 0.04 dex. I then built the [Na/Fe] distribution by representing each [Na/Fe] value by a Gaussian
function with center and full-width half maximum equal to the [Na/Fe] value and 2.355 times the associated error,
respectively, and assigned to each Gaussian the same mean intensity. Fig. 1 depicts the resulting [Na/Fe] distribution.
As can be seen, the [Na/Fe] dispersion derived from the maximum likelihood statistics is indeed bimodal, with two
prominent peaks differing by ' 0.3 dex.
I performed additional checks in order to discard any artifacts in the data which might be responsible of the observed
bimodality. I also searched all the ASPCAP flags for peculiarities in our sample stars, and could not find any. The
spectra span SNR ranges ≈ 100-600, they have ASPCAPFLAG and NA FE FLAG values equals to zero, which means that
there were no issues in the determination of the stellar parameters, and mean χ2 from the ASPCAP fit ≈ 8.0.
However, the [Na/Fe] abundances have been derived from two weak (in GK-giants) and possibly blended lines at
about 16378 and 16393 Å, respectively, for which Jönsson et al. (2018) and Holtzman et al. (2018) showed that the Na
uncertainty is of 0.16 dex. Furthermore, I directly compared the available spectra for stars with similar atmospheric
parameters and it would seem that they look similar (see an example in Fig. 1). Therefore, I warn users of large
spectroscopic surveys to be extra careful when finding peculiar abundance results. Analysis pipelines that run in an
unsupervised fashion may produce bad results which may not be noticed before publication.
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Figure 1. Left, middle and right panels are RV vs. [Fe/H] diagnostic diagram, with red filled circles representing the selected
cluster members; their [Na/Fe] distribution with blue and red lines corresponding to values smaller or larger than [Na/Fe] =
-0.05 dex; and a comparison of the spectra of two stars with similar atmospheric parameters, respectively.
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